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Global DEER analysis of all DEER data
. Gaussian fitting of all the experimental traces; the shaded areas in the plot of the probability distribution highlight the components assigned to the closed conformation (purple) and to the open conformation (cyan); for [CNDB] = 43 µM, the trace "Equilibrium*" was obtained upon incubation with 5 mM cAMP (116-fold molar excess) rather than with a nearly equimolar ratio between the two components. The traces are grouped as presented in Fig. 5 . Left column: Primary DEER data with the background fit. Middle column: Data in the left column after background removal, and fit with the multiGaussian distance distributions shown in the right column.
Estimation of the equilibrium constants from DEER data
Within the four-state model, we can derive an expression for the equilibrium value of the close-to-open ratio
, which we can then use to analyze the population results from the DEER data using least-squares fitting. First, the conformational equilibrium constants can be used to transform the equation for D to give 
This general expression simplifies for two special cases. First, the case of no ligand. Then, [L] = 0, and we get simply
In the case of excess ligand, we have L ≫ P , and [L] ≈ L . This leads to
As expected, this depends on the dissociation constant and on the total ligand concentration. If we additionally have L ≫ D , the second terms in the enumerator and the denominator dominate. To understand how this condition affects eq , we first write eq in terms of = D / L and then expand in a power series of around 0: Table S1 . With these results, D can be calculated by inverting the equations shown above. The results are listed in Table S2 . As an alternative, it is possible to use values of D reported in the literature, fix either A or B to the corresponding limiting value of and obtain the remaining equilibrium constant by inverting the equation for eq :
respectively, where [L] is given by Eq (S8). Table S1 ). The colored lines represent the modeling of the experimental data performed according to the four-state model described in the main text, where the constants K A and K B and K D were set to the values shown in Table S2 
Modeling of the time-dependent results
The kinetics of the interconversion between the four states of the model, namely AO (apo/open), AC (apo/closed), BO (bound/open), and BC (bound/closed), is modelled using the following set of rate equations
At equilibrium, the forward reaction rates Af , Bf and the backward reaction rates Ab , Bb for the conformational equilibria as well as the on-and off-rates on and off of the binding equilibrium are related by 
For each of the concentrations for which time-resolved experiments were performed (given in .
The corresponding values of the backward rate constants were calculated using the A , B and DO values that were determined from the analysis of the DEER traces obtained under equilibrium conditions (see previous Section). Table S3 . Summary of the RFQ measurements made.
P L Samples 1. 13.1 µM 16.3 µM t = 0, t = 4.6 ms, t = 7.2 ms, t = 11.2 ms, t = 17.5 ms, equilibrium (2 repeats) 2. 23.6 µM 23.6 µM t = 9.2 ms, equilibrium 3. 42.5 µM 42.5 µM t = 0, t = 15.6 ms, equilibrium 4. 46.0 µM 48.4 µM t = 0, t = 9.2 ms (4 repeats), equilibrium (4 repeats) 5. 21.9 µM 3.8 mM t = 9.2 ms, equilibrium Among all the parameter sets for which the simulations were performed, the ones giving modeled kinetic traces close to the experimental data were selected by sorting the modeled kinetic traces according to the goodness of fit. For this purpose, for each of the conditions listed in Table S3 , the uncertainty-weighted residual sum of squares (RSS) was evaluated as
where i corresponds to the experiment number in Table S3 and j is the index to the particular time point t j , and
where 2 represents the variance of .
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Plots of sections of the hypersurfaces revealed a substantial independence of the goodness of fit with respect to the Af value for the samples prepared under an equimolar or nearly equimolar ratio between the concentrations of cAMP and CNBD (entries 1-4 in Table S3 ). The effect of Af is, however, more pronounced for the sample prepared under excess cAMP (entry 5 in Table S3 ), and in this case the comparison between the experimental and the calculated traces allows us to set a lower limit for Af , which is 0.032 ms -1 or 0.100 ms -1 depending on the choice of the values of the equilibrium constants (see Table S4 ). ) to be used in the evaluation of Bf and off , giving a reasonable agreement with the experimental data, thus reducing the complexity of the problem. The results are shown in Fig. S5 respectively. However, we know that for the sample prepared under excess cAMP the conformational change already happened within 9.2 ms and that the rate-limiting process is the ligand binding. This in turn restricts the problem of fitting the kinetic traces to finding the minimum Bf value and the optimal off range with which the experimental data could be satisfactorily reproduced. S10 Figure S5 . Average (solid lines) and envelope (shaded areas) of the model traces calculated using the sets of rate constants displayed in Table S4 for the sets of experiments 1-4 listed in Table S3, S11 Figure S6 . Average (solid lines) and envelope (shaded areas) of the model traces calculated using the sets of rate constants displayed in Table S4 for the experiments 5 listed in Table S3 , corresponding to the samples prepared under excess cAMP. The color code is related to the choice of the equilibrium constant values KA, KB, KD and is consistent with the analysis shown in Fig. S4 . Black squares: experimental ρ values; the vertical error bars were obtained from propagation of the uncertainties on the populations of the open and closed conformations resulting from the GLADD analysis.
The RFQ setup
Fig . S7 shows the geometry of the microfluidic mixing structure of our setup and the results of optical profilometry height measurements of the mixing structure. Fig. S8 shows our improved design of the rotating aluminum plate used for quenching and sample collecting. Compared to our original design, the back of the plate has larger surface area, allowing faster cooldown with liquid nitrogen. 
Calibration of the time scale of the RFQ setup
The calibration of the reaction times for the microfluidic device was performed as previously described 1 using the reduction of TEMPOL to TEMPO by dithionite, with Mn 2+ as an internal EPR intensity standard. Briefly, two solutions, one containing 500 µM TEMPOL + 1 mM MnCl 2 and the other containing 250 mM sodium dithionite + 1 mM MnCl 2 , both in 100 mM MOPS buffer at pH 7.0, were mixed and quenched using the μRFQ apparatus at various flow rates. After mixing, the initial concentrations are reduced by a factor of two since equal volumes of the two solutions are mixed. An additional sample, corresponding to the endpoint of the reaction and marked in the plots as "equilibrium", was prepared by manually mixing the two solutions in a 1:1 volume ratio and incubating the resulting solution at room temperature for approximately 30 minutes. Echo-detected EPR spectra of the trapped samples (Fig. S9a) were collected using the pulse sequence π/2 -τ -π -τ -echo with τ = 200 ns, t π/2 = 22.5 ns and t π = 45 ns, where the microwave power was adjusted in order to get t π = 25 ns on the high-field hyperfine line of the Mn(II) sextet. The shot repetition time and the scan rate were set to 50 ms and 0.13 mT s -1 , respectively, and a two-step phase cycle +(+x) -(-x) was applied to the first microwave pulse. All the spectra were normalized to the intensity of the high-field Mn 2+ hyperfine line.
The intensity of the spectrum at the magnetic field corresponding to the maximum of the nitroxide spectrum after normalization (Fig. S9b) shows an increase of the signal as a function of the pre-mixing volume flow rate F, which is proportional to the reciprocal of the reaction time. The intensity of the pre-steady-state nitroxide spectrum, obtained by subtracting the signal of the equilibrium sample, is expected to follow first-order kinetics 
where eff is the effective volume of the mixing chamber and 2 is the flow rate after mixing. 
